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AILERONS

SUMMARY

Th12 h the thirteenth report on a series of eystemaiic
tests comparing l.aieral control demkes with partidur
reference to their e$ectiaemxs a# high angla of attack.
The present tests, condwctedin the N. A. C. A. 7-by 10-

foot wind tunnel, were made to &termim the most
jea-sible locaiium jor luteral conlrol @aces mowni%d
exiernal.lyto a rectangular Clark Y wing.

Two sets of cxtermd ailerona were used. (2w had an
N. A. O. A.. 0013 symnwtricalpro$.leand a chord length
thd UW.S16 p@C& Of the main wi~ chord. The OhT

set of ail.emw, which w waedti only a few ted poti
timw, hud an N. A. C. A. %? camberedproji.1.zand a
chord length of 14.6 perceni of the main wing chord.
Both ailerons extended over tlw fuU span of the main
wing and were hinged abti an axis on their chord line
2?0percent from their lea.o%q edge. 17w range of poti-
tion.s imedigaied waa from g7 perceni of the main wrhq
chord aluad of the leading edge of the muin wing to 10
percent behind the trai.li~ edge and from @ percen#
abovethe chordto 30 percen$belowthe chord.

In eachposition testedfull adoantagewas taken of any
improvem.eniin the performance character%ti of the
main wing thd wa#possible to be obtained b-yspecial we
oj t?bsailerorw. Thus, ai posiiimu clkse to the leading
edge, wlwre the air load-swere swtiable,the ailerom were
moutied 80 m to act a-sautoma$ic81a$8. Liktie, d
po.wkknsnear the trai?hq @e the ailerons wme arranged
to junction m J7upsh &dhn to being laieral conirol,
8wrfaceS.

The remd.tsof the wind-tunnel ttwts showed thd no

lmui20n testedfor externu.1ailerons m entirely 8a.t7k-
factory with respect to both pmformmuz and conirol.
T?wbest locatti ttxted luy in a region betweenthe.l.ead.-
ing edgeand 30 percent of the chordbackjrom the leading
edge, and jrom 3 to 9 percent above the upper surface.
0h5ice of a particular locdion okpends on a compromtie
betwtzn good performance, obtainable near the leuding
edge, and good control, obtainable near the rear of the
faoorableregion.

If it h d.mirableto we the ailerom as j?aps in addi-
tion to their function as laierd codi-ol &v&.s, the bed
position lies fillspercent of the chord behindand 2?’/,per-
ceni below the trailing edge of the main wing.

Eight teiv%made with ea%-md ailerow in mu of the
P08’it&Hl#oVertheforward pWt Ofthe W@ 8hOWed8ti
practka-?dijfl.cdi.u due to h.awy hinge momen.i%and
irregularconirol-force variation.

INTRODUCTION

A series of systematic wind-tunnel investigations,
one of which is covered by this report, has been made
by the National Advisory Committee for Aeronautics
in order to compare various lateral control devices.
The various devices were given the same routine tests
to show their relative merits in regard to lateral con-
trol and, to some extent, their effect on the lateral
stabili~ and the performance of an airplane. They
were all tested on rectangikw Clark Y wings of aspect
ratio 6, and a few of them have been further tested
on wings with dillerent plan forms and -it&y with
high lift devices. The fit report of this series (refer-
ence 1, pt. I) dealt with three sizes of ordinary ailerons;
one of these was taken from the average of a number
of conventional airplanes and was used as the standard
of comparison throughout the entire investi@ion.
Other work that has been done in this seriesis reported
in reference 1, parts II to XII.

The present report covers an investigation to deter-
mine the most favorable location for external ailerons
relative to a rectangular monoplane wing. The term
“external aileron” is here defined as any lateral con-
trol surface wholly and permanently external to the
main wing profle. The survey of potible locatiom
ww made mainly .with an N. A. C. A. 0012 symmetrical
airfoil having a chord 15 percent of the main wing
chord md a span equal to that of the muin wing.
The airfoil was hinged about a point 0.2 of its chord .
back from its leading edge and was divided at the
center of the span to allow differential settings of the
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two halves. The ailerons were tested in the 4S posi-
tions shown in figure 1 as fixed surfaces relative to
the main wiqg and as connected but freely floating
ailerons in certain positions where it seemed that such
an arrangement n@ht be desirable. In a few posi-
tions both the symmetrical airfoil and the highly

emnbered N. A. C. A. 22 airfoil were tested, and at
two positions just above the trailing edge tests were
made on only the N. A. C. A. 22 airfoil. Flight tests
were conducted with external ailerons in two of the
most intrxwtiqg positions near the leacliqg @ge.
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APPARATUS I l?~~e 2 illustrates the method of mounting the

Model,—The model used throughout this investiga-
tion was a laminated mahogany Clark Y airfoil hav@
a 10-inch chord rmd a 60-inch span, to which were
attached duralumin external ailerons extending over
the entire span of the main w@ Two sets of external
ailerons were used in’ the ccmrse of the tests; one set
consisted of 1.50-inch chord, N. A. C. A. 0012 tiOikJ,

and the other of 1.45-inch chord, N. A. C. A. 22 air-
foils. The latter set of ailerons had been previously
used in the tes~ reported in references 2 and 3 as the
auxbry airfoil. The ordinates of the main wing and
the two ailerons are given in table I.

aile{ns in position 1. The rmangement for mount-
ing in any of the other positions differed from that
shown only in the design of the supporting brackets.

The ailerons were supported by seven steel brackets
(see fig. 3) in such a manner that they could be rotated
in pitoh about an axis intersecting the mean camber
line ot 0.2 of the aileron chord from its leading edge.
When arranged to float, the ailerons were locked to-
gether at the center and a counterweight of the type
shown in iigure 2 was attached to each tip to balance
the system stathdly. Prelhninary tests showed that
the distance from the wing tip to the counterweight
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indicated on figure 2 was su5cient to eliminate any
noticeable interference effects on the wing.

When the ailerons were mounted so as to remain
at a fixed angle relative to the main wing, the counter-
weight shaft was replaced by a screw (see @ 3) and
locking screws clamped the locking quadrants (fig. 2)
to the suppor~~ brackets. The angular interval
between holes in the quadrant was 5°.

Wind tunnel,-All the present tests were made in
the N. A. C. A. 7- by 10-foot open-jet wind tunnel.
In this tunnel the model is supported in such a manner
that the forces and the moments about the quarter-
chord point of the midsection of the model are meas-
ured directly in coefficient form. l?or autorotation
tests the standard force-test tripod is replaced by a

AU measurements of forces and moments on the
W@ model were obtained from the 6-component
balance in the form of the absolute coefficients (lift,
CL; d.r~gj CD; rob” moment, c{; ya~” moment,

0.’; and pitching moment about the quarter+hord
point, C~4A’). The coefficients in all cases were based
upon the total wing area and were not corrected for
tunnel-wall effect. The center-of-pressure location is
given in percent~ge of the main wing chord.

The investigation covered 48 positions for the aile-
ron axis as given in table II. In general, the tests at
each position were divided into four main subdivi-
sions, as discussed in the following paragraphs. The
extent to which the tests were carried out in detail
depended upon the importance of the position in

special mounting that permits the model to rotate I qumtion.
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about the longitudinal wind axis passing through the
midepnn quarter-chord point. This apparatus is
mounted on the balance, and rolling-moment coeffi-
cient+ can be read directly during forced-rotation tests.
A complete description of the nbove-mentioned equip-
ment ie given in reference 4.

TESTSAND RESULTS

The tests were conducted in accordance with the
standard procedure and at the dynamic pressure and
Reynolds Number employed throughout the entire
series of investigations on lateral control (reference 1).
The dynamic prcmure was 16.37 pounds per square
foot, corresponding to an air speed of 80 miles per
hour at stmdmd density; rmd the Reynolds Number,
based on the chord of the main wing, was approxi-
mately 609,000.

Fx3urm3.—’Xing model with externalMerom mounted in pcaition 6.

(1) Preliminary tests.-Preliminar3- force tests were,-
made at each aileron position to d~termine the best
aneg.kr settings of the ailerons (when neutral) for
mtium lift and minimum drag. I?rom the resub
of these tests neutral angles were chosen for the sub-
sequent tests and the most favorable method of using
the ailerons as an aid to the general performance char-
acteristics of the main wing was decided upon. Thus,
the ailerons in all the positions shown in group A were
found to be most efficient when held fixed at an opti-
mum angle at which were obtainable the best values
of both CL_ and CD.,.. Similarly, in group B best
performance was attained by using the ailerons as
flaps. In group C the maximum value of tie tit Co-
efficient and the minimum value of the drag coefEcient
were best obtainable by allom-~o the ailerons to float
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between stops that limited their travel to the critical
angles giving the above-mentioned characteristics.

Aileron positions lying beneath the central part of
the main wing were not tested, because the extreme
positions in regions B and C showed genersly poor
performmce and control characteristics. It is to be
expected, however, that if the ailerons were placed at
a sufficient distance from the lower surface of the main
wing to avoid adverse interference effects, more sntk-
factory results m“ght be obtained.

(2) Performance characteristics.-The measurement
of the performance characteristics included the deter-
mination of C~.,m,CKJat CL=0.70 (climb criterion),
CL.., and the complete lift and drag curves up to
a=40°. At the aileron positions in group A these
tests were made with the ailerons set at the single, op-
timum, neutral angle found in the preliminary tests.
At all the positions in group B the neutral angle chosen
corresponded to that giving best climb. In the more
important positions, however, tests were also made

with ailerons in the high-lift and the low-drng atti-
tudes. In group C the teds were made with the
ailerons floating between stops aa described in the
preceding paragraph.

Tests in which the ailerons were allowed to float
were attemptid in region B but, because the rtilerons
exhibited a tendency to flutter, complete runs were
made at only a few positions. The effect on this ten-
dency of changw in the axis location or in the friction
and elasticity of the supporting and balancing systems
is likely to be critical; hence any conclusions regarding
the possibility of ailerons fluttering in this region are
not warranted. ValUea of CL. and the ratio
CJCD.{. were decreased and C{ wss ~cremed at
low angles of attack by allowing the ailerons to flont.

(3) Contiol effectiveness.-The tests to determine
the control effectiveness of the ailerons in the various
positions were made with the ailerons deflected one at
a time-the right aileron with its trailing edge up and
the left aileron with its trailing edge down. In all the
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tests, values of C{ and Cn’ were determined at angles
of attack of 0°, 10°, 20°, 30°, and 40°, except at the
most important positions where a more complete series
of anglea of attack was investigated.

The mrminmm ailercmdeflection angles used in this
part of the investigation were determined by one of
two limiting conditions: (1) The aileron came in con-
tact with the wing or the supporting brackets, (2) the
value of 01’ reached a maximum positive or negative
value (optirmpn). Table II lists the maximum deflec-
tion for each position and the limiting factor for each.
For all cases that appeared to warrant it, tests were
also made with about half the maximum deflection
and, for the most important positions, tests were
made at several intermediate aileron angles.

(4) lateral-stability tests,-With the ailerons at
some of the positions shown to be the more promising
by the preceding tests (positions 1, 6, 26, and 35), the
model was subjected to forced-rotation teats with 0°
and 20° of yaw, in which the rolling moments due to
rolling were measured. The rate of rotation employed
about the wind axis (p’) was such that p’b/2V=0.05,
which corresponds to the maximum rolling velocily
likely to be encountered in controlled flight in very
gusty air. The rolling moments are given in terms of

‘he ‘efficient C’=&’ ‘hae k b ‘he ‘ohg ‘oment
measured while the wing is rolling.

Tests were also made in which the wing ma allowed
to rotate freely and the initial angles for instability
were measured, both with the wing unyawed andyawed
20°.

Flight tests,—In order to obtain information on the
hinge moment and lag characteristics of this type of
Moral control, flight tests were made at the aileron
position farthest ahead of the wing and at what
appeared to be the best position in the region over the
nose. The results obtnined at the former position
showed hinge moments to be so heavy that the con-
trol was completely useless. At the rear position the

resultswere more satisfactoryand are discussed later

in more detail.
Tabular data,—Tableg III to XXVI give the com-

plote test data obtained with the ailerons in the more
promising positions (nos. 1, 3, 6, 12, 26, 35, and 37).
Criterions of speed range, climb, rolling control, yawing
moments, and lateral stability (see reference 1) with
the nilerons in thwe positions are presented in table
XXVII. The eflect on the criterions of permitting
the symmetrical ailerons in positions 1 and 37 to float
is also shown in this table.

DISCUSSION

The nrdmreand degree of the change in the aerody-
nrunic characteristics of a wing owing to the addition
of ailerons mounted externally to it are dependent
upon (1) the chord, span, and profle of the aileron,
(2) the location of the aileron relative to the main
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wing, and (3) the manner in which the aileron is
employed. In the present report the first clas.siiica-
tion of mriables is taken into account by confining the
principal discussion to one size and span of aileron
and neglecting the effect of the small difference in
aileron chords noted under Apparatus. This pro-
cedure appeam permissible at the positions in which
the N. A. C. A. 22 ailerons were tested but it probably
would not be so in region B, The ditfcrences in
characteristics obtained by use of symmetrical or
cambered w“rfoileare noted, but not enough tests were
made of both ailerons at the same position to warrant
any general conclusions relative to the effect of aileron
proiile. The second variable is analyzed in some
detail in a series of contour charts showing the effect
of aileron-axis location upon the principal aerody-
namic characteristics of the wing system. The third
variable is taken into consideration by employing the
ailerons in what appeara to be the most efficient
manner for the particular region in which they are
mounted. Thus, in locations where the ailerons may
be used to advantage as a flap, this feature has been
investigated and the optimum deflections for lift and
~1.g determined. Likewise, nmr the leading edge
the possibili@- exists of improving the lift of the main
wing by using the ailerons together as a slat. In other
locations the most desirable arrangement is to mount
the ailerons in such a way that they are deflected only
for control, the neutral setting remaining constant for
all flight conditions. The contour charts therefore
show planes of discontinuity where the method of
aileron operation changes. In the charts where the
contours are broken near the leading edge, the test
data were considered insui%cient to complete the
curve9.

GRNRRALPERPORMOJCI?

(AILERONSNEUTRAL)

Wing area for desired landing speed,—The value of
c._ may be used as a criterion of the wing area
reqw”redfor a desired landing speed or, conversely, for
the landing speed obtainable with a given wing area.
Figure 4 shows the effect of the axis location of the
externfd aileron upon thi9 parameter. Of tbe aileron
locations twted in region A, where the aileron was not
deflected except for lateral control, the best position
was 27 percent of the main wing chord ahead of the
leading edge and 13 percent above the chord line.
This position corresponded very closely to that re-
ported in references 2 and 3 as being the optimum
location for a iixed ausiliary airfoil of the size and
section used. Moving the ailerons closer to the
leading edge of the main W@ progrmsively reduced the
obtainable value of CL=.. If, however, the a,ileron
axis were not moved back farther than about 15 per-
cent of the main wing chord behind the leading edge
or closer than about 10 percent horn the upper surface;
c..” was not reduced below that obtainable with the
p]fiin wing (1.250).
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When both the ailerons were allowed to float and to
act ~ an fLu~matic slat in region C, a vfdue of 6’L.. =

1.734 was obtained which is OIlly slightly larger than
that obtained at the best position as a fixed surface
in region A (1.695). In position 35, region B, where
the aileron could be used as a flap, a value of CL_ of
1.810 was obtained with both of the ailerons deflected
45° down. This value is about 4% percent higher
thnn that obtained at the bwt of the forward posi-
tions and about 45 percent higher than that for the
main wing alone, the coefficients being based on the
total area.

High speed.—The value of CD.,. of a wing may be
used as a critetion of its suitability for high-speed use
when comparing similar airplanes equipped with wings
of equal area. The variation of the values of C~A.
with aileron-nxis location is shown in figure 5. The
relatively huge variations in CD.{. between the best
and the worst positions, and the relation of the various
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ences 5 and 6, compensated for the difference in the
characteristics of the variabledensity wind tunnel
and the 7- by 10-foot atmospheric wind tunnel, the
vfdue of CD.,. for the aileron is estimated to be
0.0135. From these values it follows that with no
interference the value of CD.,. of the combination
would be about 0.0152.

The relatively high values of C~.,mfound for aileron
positions in region A may be attributed to the high
air speeds in this region. The small decrease in value
at the farthest forward position (optimum) was no
doubt due to the increased supporting-iixture drag
ahnost counterbalancing the effect of the decreamd
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values ta that for the wing alone may be best analyzed
by a consideration of the three principal contrclliqg
factors: (1) The mhimum values of the drag coeffi-
cients for the wing and ailerons separately; (2) any
mutual interference effects between the wing and the
milercnswhereby the presence of one airfoil changes the
apparent value of CDof the other one by aikting the
veloci~, turbulence, or curvature of the air stream
passing over it; and (3) the supporting-fixture drwi-a
factor that is included in d vrdues of CD=,.given in
this report.

The relative importance of each of these factors at
any particular location may be estimated by deter-
mining the minimum drag coefficients of the wing and
aileron separately, and the least obtainable value of
CD.,. if the effect of the last two factors be considered

. negligible. Tests showed the main wing to have a
value of (?D.,. of 0.0155. From data given in refer-

This high-drag area may be expected to continue
forward to the leading edge for aileron positions closer
to the upper surface than those tested.

In regtion C, in front of and below the nose, the
‘aileron position having the lowest drag represents the
nearest approach to the ideal conditions previously
outlined, wherein all the factors tending to incrmse
the drag are a minimum and the resulting drag is
nearly the sum of the ch$g of the two airfoik taken
separately.

In region B, a reduction in drag due to the ailerons
operatkg in the wake of the main wing is noticeable.

Speed range.-The ratio CL,JOD={,is a convenient
iigure of merit for compming the effectiveness of
different whigs in giving rLlarge speed range. Figure
6 shows the effect of the aileron location upon this
criterion. Inasmuch ‘as the value of CLJC~_,, for
the wing alone is approximately 80, it is apparent that
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only the extreme forward positions of the aileron show
improved performance over the plain wing if the aileron
is fixed when neutral The beat floating position just
ahead of and below the nose, region C, gives approxi-
mately the same value (109.1) as the best fied position
in region A (104.0), but the best flap position under
the trading edge, region B, gives a substantially higher
value (124.0).

Rate of climb.-b order ti establish a suitable
criterion for the effect of the wing and lateral control
system on the rate of climb of an airplane, the per-
formance curves of a number of types and sizes of
airplanes were calculated, and the relation of the
maximum rate of climb ti the lift and drag curmw
was studied. This investigation showed that the
LID at CL=O.70 gave a consistently reliable tie of
merit for this purpose. Figure 7 shows the eilect of
the location of the axis of external ailerons on this
criterion. The values shown were not in every case
the maximum obtainable but the variation of the
criterion with aileron angle was small in the range
of angles tested, so that no appreciable difbrence in
the contoum would exist if all points had been plotted
for the exact maximum values of the criterion.

In reggon C the ailerons were free to float between
stops. In positions 42, 44,’45, and 46 the ailerons
were ~@t the upp~ 8tip for CL=().7(). h po8i-
tions 43 and 47 the ailerons rested againat either step
at the angle of attack for CL=().7(), depending upon
whether the angle of attack had been approached from
above or below. Slightly different values of the
criterion were obtained under the two conditions, the
average of the two readings being plotted. In position
4S the ailerons were against the lower, or high speed,
stop at the critical value of ~. It is prcbable that
the ailerons were not even approximately in their best
attitude for climb in any of the positions in this group,

. except perhaps the highest one, position 44.
In a consideration of the aileron positions in region

A, a section of very low values of the climb criterion is
seen to occur about 15 percent of the chord from the
lmding edge. Farther back the criterion rises to a
value ahnost equal to the mtium measured in these
teats. A value of the criterion equaJto those occurring
near the trailing edge probably might be found between
5 and 10 percent ahead of the leading edge and from
5 to 15 percent of the chord above the chord line.

The flap positions in region B also gave values as
high as any others found with the external ailerons,
but all the Yalues found with the ailerons mere
definitely lower than that for the main wing alone.

LATERALCONTROL

(&LERONSFULLYDEFLE~D)

The rolling-moment coefficient produced by the
ailerons about the wind, or tunnel, axis is used as
the primary basis for comparison of the ailercn loca-

tions discussed in this report. The rolling-moment

coefficient about the wind axes (71!is used in prefer-
ence to the coefficient about the body axes, as given
in some previous reports in this series, because of a
better qualitative agreement of the results with flight
tests reported in reference 7.

As previously staled, the setting of the neutral
aileron at each location in region A corresponded to
that giving the best general performance.’ In region
C the neutral setting ma the attitude that the neutral
aileron would take if the ailerons were allowod to
float between stops, as outlined in the discussion of
general performance. Thus, for up-only deflection,
the right aileron was deflected with its trailing edge
up and the left aileron was against the lower stop;
and for down-only deflection, the left aileron was
deflected with its trailing edge down and the right
aileron was against the upper step. In region B,
where the aileron actid as a flap, the neutral aileron
setting was taken arbitrmily as the angle giving the
maximum value of L/D at CL=0.70 (table ~). This
value of the neutral angle was the same aa that for
minimum drag, in almost all cases. In the few e..cep-
tions, the critical angle of deiloction was 10° to 15°
greater. The data plotted on this basis are intended
to give only a general picture of the moments obtain-
able in the various locations, the more promising
locations being dealt with later in greater detail.

Maximum deflections of the ailerons were governed,
in all cases, by interference with the wing, intmference
between the aileron and its supporting brackets, or by o
maximum positive or negative value of 01’ being re-
corded at some smaller deflection than the limit set by
interference conditions. It is therefore apparent that
the extreme deflections up or down were not uniform
for all positions, but discrepancies in the contours
X fmm this source are considered unimportant.

The ccntour charts are plotted for deflection of the
right aileron up or the left aileron down. If it is
desired to estimate tie effect of deflecting the ailerons
differentially at any particular location, the algebraio
sum of the moments due to the right and left ailerons
deflected separately must be used.

Figures 8, 9, and 10 show the variation of C{ with
aileron-axis location for up-cmly deflection of the right
aileron at a=OO, 10°, and 20°, respectively. l?igures
11, 12, and 13 give the corresponding variation in
C.’. The valuea of a used correspond, respectively, to
high-speed f@ht, the maxip.mm angle at which ordi-
nary ailerons are usually considered to be satisfactory,
and stalled flight. Considering, first, all positions
lying in regions A and C, two tendencies are noticeable.
I?irst, the region for most effective action of the ailerons
as a spoiler moved gradually forward with increasing
angle of attack horn about 60 percent of the chord at
0° to about 30 percent at 20°. Associated with this
movement was a progressive increase in the rolling-
moment coeilicient obtainable. At the optimum

.
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position for rolling moment at stnlling attitudes, the
immensein C,r wns from 0.0601 at a=O” to 0.1007 at
U=20”.

The yawing moments accompanying the above-
mentioned rolling moments wore positive at all rmgles
of attack and were of magnitudes equal to or greater
thnn the ymving moment produced by a conventional
rudder. At the position for optimum cl’ at cr=20°
(position 12), the vnriation in C=’ with angle of attack
was opposite to that shown by (71!;that is, C.’ decreased
with increasing angle of attack.

The second item of interest is the constnncy of the
rolling-moment coef6cient obtained at the positions
near the trailing edge where the ‘(up-aileron” is the
dominating source of control. Position 26 is approxi-
mately the best in this region and corresponds closely
to the location of Zap ailerons (reference 8). The
rolling-moment coeilicients here were found to be about
equal, at normal angles of attack, to those obtainable
farther forward where the aileron action is more that
of a spoiler; but, once the wixqgwas staled, the effec-
tiveness of the nilcrons wns found to be seriously
reduced.

Ynwing moments at position 26 showed the same
cbarncteristics-posit.ke and decreasing with increas-
ing a—as at the positiona farther forward, with the
exception that the moment at all angles of attack was
definitely smaller. The rate of decrense in yawing
momont with increasing angle of attack was higher at
this position than farther forwnrd, which resulted in
almost complete disappenrnnce of any yawing moment
nt a=20°.

When the aileron movement was down+nly (figs.
14, 15, rmd 16) the rolling moments were somewhat
different. The optimum location for the aileron when
acting as a spoiler was farther forward and, obviously,
higher up. A similax, though greater, increase in
effectiveness with angle of attack wns noted in this
region, the mnximum value being slightly greater than
that obtnined at the best position for up-only deflec-
tion. Near the trailing edge, on the other hand, down-
only deflections gave very low but always positive
rolling moments. This condition may be attributed
to interference effects causing a loss in lift on the trail-
ing edgo of the mnin wing, which almost counterbal-
anced the increased lift on the aileron.

Ywving moments produced by the ailerons when
deflected down-only (figs. 17, 18, and 19) in the best
region near the loading edge showed @m charac-
teristics to those obtained by the aileron when de-
flcctod up-only. This result is to be e..ected, since
in each cnse the action of the aileron was to spoil the
air flow over the wing behind it. At position 26 the
yrnving moments were very small and negative (ad-
verse) at all angles of attack. Cemparing up deflec-
tion with down deflection at the snme angles of attack,
on the bnsis of maximum rolling nnd ymving moments,

up-only deflection seems to be preferable in both the
forward “SpOik!r” region and near the trailing edge.
Flight tests with the ailerons mounted in position 6
disclosed that this direction of deflection hns the added
advantage of counteracting the lag, characteristic of a
spoiler (refmence 7), by creating a down load on the
aileron as soon as it is doilechd and before the flow
over the main wing hns had a chance to assume its
new pattern. A limited differential movement is aero-
dynamically preferable to a motion in one direction
only near the trailing edge but is distinctly not advis-
able in the best positions farther forward.

Tho small negative rolling moments, which occurred
at a=O” at the flouting leading-edge positions with
either up or down deflection (figs. 8 and 14), may be
explained by the fact that the lift curves were almost
coincident for all aileron settings at this angle of at-
tack and that a deflection in either direction caused a
shift in the lift curve opposite to thnt occurring at
higher angles of attack. Thus, external nilerons in
region C would be apparently unsatisfactory us prac-
tical lateral control devices if used alone.

Tho contours of rolling and yawing moments pro-
duced by external nilerons below the trailing edge fol-
low, with a few exceptions, the characteristics of ordi-
nary ailerons. Up-only deflection produced slightly
lower rolling moments than down+mly at normnl ‘
angles of attack, apparently owing to the greater
shielding by the wing when the trailing edge of the
aileron was deflected upwwrd. Down-only deflection
produced small negative rolling moments beyond the
stall, whereas up-only deflection produced small posi-
tive moments. Yawing moments were consistently
negative and large when the aileron wna deflected
down-only. With up-only deflection the yawing
moments were either positive or negntive, depending
on the angle of attack and the proximity of the aileron
to the main wing. At a=OO a limited region of small
negative yawing moments existed close to the trniling
edge of the main wing. At higher angles of attnck
this negative region expanded considerably and nega-
tive moments reached a maximum value of —0.0095
at position 30 and a=200.

It is of interest b note the relatively sudden drop
in yawing moment for both upward and downward
deflection for aileron positions occurring just to the
rear of the trailing edge of the mnin wing. This
characteristic is due to the fact that the angle of
deflection for maximum rolling moment at position 37
wns less than at position. 35. Rolling moments ob-
tained at the two positions showed position 35 to be
preferable for use with down-only deflection, except at
a=20°; and position 37 better with up-only deflection,
except at cr=OO. Since tho rolling moment obtainable
is not the deciding factor the choice of one of the two
positions for an optimum, using both up and down
deflection, lies in evaluating the relative desirability
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of maximum lift, speed range (see figs. 4 and 6), and
adverse yawing moments.

CRITERION TABLE

General performance or aontrol.-The principalchar-

acteristicsof the model with the external ailerons

mounted in seven positions of especialinterest (1,3,

6, 12, 26, 35, rmd 37) are presented in table XXVII

with the correspond@ dato for the plain wing with

no aileronsand with ordinary aileronsof aver~~e size.

The external ailepm positions listed were chosen as

being the most favorable for performance and/or con-

trolas pointed out in the preceding discussion.

Three possible arrangements are given for position

1: Cambered aileronsrmd symmetrical ailerons each

fiwd at itsoptimum setting,and symmetrical ailerons

arranged ta float. The tableshows that the cambered

aileronsgave the higher maximum liftcoefficientbut

the Symmetrical ones gave a lower minimum drag

coefficient.The rate-of-climbcriterionis low for all

three cases as compared with that obtained with the

- plain wing, that with the fixed symmetrical ailerons

be@g dehitely the lowest.

With respect to control,the wbqg with the cambered

N. A. C. A. 22 aileronsisbest at low angles of attack

but the effectivenessof even this mrqcement is very

low as comparod with that obtainable with ordinary

ailerons. The value of the rollingcriterion (RC’=
C~/CJ shown is below what may be considered the
extreme lower limit of usable control, being about
one-third of the value that has been taken as satis-
factory in this series of tests (RC’=0.075). At higher
angles of attack the value of RC’ with W three ar-
rangements increases to what is probably a usable
value (0.040).

Ymving moments obtained by use of external ailerons
in this location were always positive and fairly large
except when the airfoil was allowed to float. The
secondary rolling moments reml~m from the yawing
motion and attitude induced by these moments would
improve the roll@ control obtainable, but it is not
likely that the entire effect would be satisfactory-. In
addition, full-scale tests (not yet published) ha,ve
shown that this lateral control system suffered from
an appreciable time lag between the instant of control-
stick movement and the beginning of a rolling motion.

Three positions (3, 6, and 12) are of interest as pos-
sible locations for nonfloating external aileronsmounted
above the forward part of the main wing. Position 12
is the aileron location at which the grated ro~~ con-
trol was obtainable without regard to the effect of the
ailerons on the performance of the main *o. Posi-
tion 6 was tested in f@ht because it showed better
general performance characteristics than position 12
and only slightly W3?mentcontrol effectiveness. Posi-
tion 3 shows the available rolling control at an aileron
location that detracts the least from the performance

characteristics of the plain wing. Each of these posi-
tions is discussed in detail in the following paragraphs.

Position 12 is considered to be representative of the
best location for external ailerons when no account is
taken of the effect of the ailerons on the general per-
formance of the main wing. Values of R(Y obtained
at this position were equal to or better than those for
plain ailerons at a=OO and 10° and were more than
twice as great at a=20°. At a=300 the control failed
completely, but the importance of results at this angle
of attack is slight. Yawing moments were large and
positive at all angles of attack up through 20°. Small
negative yawing moments nppemed only at low defec-
tions at a=X)O and at about half deflection at a=300,
Lag in the control action following displacement of the
ailerons should not be appreciable with up-only move-
ment at this axis location because the immediately
effective down load on the aileron itself tends to coun-
teract the delay (characteristic of plain spoilers) be-
tween the time of control movement and the reeatab-
I.ishmentof steady flow conditions.

The disadvantages of mouhting external ailerons at
position 12 are mainly due to their effect on the general
performance of the whyg system. The value of Q.,
was only decreased about 3% percent, but that of
CD.tiwas increased 30 percent, resulting in a decrease
in the ratio CLJCD.$. of 35 percent. The climb cti-
terion was likewise decreased from 15.9 for the plain
wing to 12.5 for the W@ with external ailerons.

The general performance characteristics of the wing
with the external ailerons in position 6 were superior,
except for climb, to those obtained when the ailerons
were mounted in position 12. Flight tests Qere made
on a Fairchild 22 airplane equipped with external
ailerons in position 6, haxing spans equal to half the
wing semispan and chords 15.2 percent of the main
w-@ chord. These tests showed a serious lag in con-
trol response when the aileron was deflected downward,
and heavy hinge moments with either direction of de-
flection. Use of up deflection eliminated the lag. The
axis position was moved in steps from 20 percent of
the chord of the aileron to 25 percent of the chord in an
attempt to decrease.the hinge moment but this amount
of movement was found to be insufficient to reduce the
moment to a satisfactory maggtude. The nxis was
not moved farther to the rear because of indications of
overbalance.

The values of RC’ and yawing-moment coe5cients
given in table XXVII for position 6 are from the results
of the wind-tunnel tests using up-only deflection.
Downward deflection gave somewhat greater control
defectiveness, but the lag characteristics associated
with this ty-pe of movement render it entirely unsuik
mblefor use.

Table XXVII shows the performance values of a
wing with external ailerons mounted in position 3 to be
practically equal to those for a plain wing, except for
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climb. The values of RC’ show the relatively unusual
characteristic of being almost constant dative to angle
of attack up to LY=20°. A loss in control occurs beyond
this angle of attack but the decrease is much smaller
than that experienced by the wing equipped with plain
ailerons or any of tbe external ailerons thus far dis-
cussed except in thefarthestforward location, position 1.
The magnitude of the roll@ criterion shows the con-
trol to be usable but, if the secondary rolling moments
due to the strong positive yawing moments are taken
into consideration, somewhat greater rolling action
may be expected. The direction of deflection (up)
for best control at this aileron location is such that
little or no lag might bo expected. “

It is of importance to note that at pwitiom~ 1, 3, 6,
and 12 the best control effectiveness is obtained by a
relatively large deflection of only one aileron. Mechan-
ical linkages to obtain this type of motion with a
smoothly acting control having light operating forces
me extremely diilicult to devise. The mechanical
advantage is poorer than when both ailerons move
simultaneously through smaller deflections, and the
inertia effect when one aileron must be brought to rest
and the other put in motion in reversing control is
undesimblo. Them problems are greatly simplified by
the conventional aileron linkages in which the ailerons
move through the neutral position. This condition
could be obtained in some measure for the extermil
ailerons by riggirg them at a slightly nosedown angle
when neutral (nose up for position 1) and giving them
an extreme diilerential motion. l?igure9 20, 21, 22,
and 23 show, however, that the minimum drag would
be increased and the maximum lift slightly decreased
by such an expedient. (See also reference 3.)

Position 26 corresponds closely to the position for the
Zap aileron. The general perfonmmce of the wing
with the external ailerons in this location ma found to
be distinctly inferior to the plain wing when either a
symmetrical or a cambered airfoil was used. (See
fig. 24 and table XXVIL) The cambered airfoil was
mounted inverted for the purpo~ of investigating the
possibility of reducing the minimum drag. Appar-
ently the camber of the IV. A. C. A. 22 airfoil was too
great to accomplish this object because the symmetrical
airfoil set at the same optimum angle resulted in a
lower minimum drag. Even in this case no reduction
in drag as compared to that of the plain wing was
effected. Control effectiveness as measured by RC’
was equal to or slightly better than that with plain
ailerons up through a=200. Yawing moments for
the wing with either type of ailerons were positive
and large at low angles of attack but fell off as a
increased and became slightly negative at and above
a=20°. This condition compares favorably with the
characteristics of ordinary aileromjwhich give negative
yawing moments at all angles of attack.

In region B the ailerons maybe used as flaps as well
as ailerons. The characteristics of positions 35 and 37
(see figs. 25 amd26) overlap in a manner that prevents
definite preference of one to the other. In a com-
parison of the various features of both positions simul-
taneously the following points may be noted: The loca-
tion of the two positions di.fleredby only lx percent of
the main wing chord. The angle of deflection of the
ailerons for minimum drag was the same for both
positions but the angle for maximum lift was consider-
ably greater at the forward position 35 than at position
37. These conditions indicate that smaller control
forces are required to lower the flap in position 37.
Maximum lift and minimum drag for the two positions
with the flap up were the same, taking into account
the accuracy of detmmination of the results. In
regard to C- with the flap down, position 35 was
superior by about 6 percent, the value obtained
(1.810) being the highest of any found in the course of
th.k investigation. Speed range, as indicated by the
CrkXk)n cL_/~D.bY showa the forward position to
be slightly preferable. The climb criterion is shown
appreciably dMerent for the two positions, but it is
to be noted that the value given for position 37 is for a
downward aileron deflection of 5°, whereas the angle
for position 35 is the same as that for high speed
(~4=–5°). FJoreal difference between the two aileron
locations would be expected to exist, however, if the
optimum setting of the flap for climb had been used in
each caae.

The two positions were practically equal with regard
to rolling moments except at the relatively unimportant
a@e of attack of 30° where the position 37 was dis-
tinctly better. Yawing momenta for the two positions
had large adverse values at all angles of attack but at
a=loO and a=200 they were in the order of 40 percent
lower and at a=OO they were about 75 percent lower
at position 37 than at 35. In fact, the yawing moments
for position 37 are no greater than those for standard
conventional ailerons with equal up-anddown deflec-
tion.

Position 37 probably represents the nearest approach
to satisfadmy control of any of the external aileron
pOtitiOIIStested. At thk point the control action is
not greatly d.iilkrentfrom that of conventional ailerons.
It should be noted, however, that the control linkage
for obtaining the best possible results with the dual
action of flap and aileron is likely to be relatively com-
plicated. In addition, when the aileron is deflected
from the high-lift position the large amount of up-only
deflection is’likely to result in an unstable control force
unless special precautions are taken to avoid this
tendency. These disadvantages might be overcome,
however, if the maximum rolling control were not re-
quired. For example, a moderate amount of control
with a reasonably high value of 6’L_ could be obtained
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if Qmaximum flap defection of 20° were used and the
ailerons were given an ordinary differential motion.
In that case a srdisfactmily light and smooth control
force could be obtained with a relatively simple linkage.

Lateral stability,-Tests on factora influencing lateral
stability were made only at positions 1, 6, 26, and 35.
Data on the plain wing with and without ordinary
ailerons are also given as a baais for comparison.

Considering first the angle of attack above which
the wing tends to mrtorotate when the ailerons were
mounted in position 1, the angles for initial instability
were higher than with the plain wing. This condition
held true for both the cambered and symmetrical

When the aileronswere mounted in positions6, 26,
or 35, the angles for initial instability were approxi-
mately the same as for the plain wing except when the
ailerons were deflected for use as a flap in position 35.
In this case, the angle for initial instability at zero
rate of roll was considerably reduced, which ww to be
expected from the shift of the lift-coefficient curve
shown in figure 22. An autorotational tendency ‘
definitely before the stall did not occur, however, with
the aileron mounted in this position near the trailing
edge as it did in position 1. In fact, at position 35,
damping against ro~u existed until the wing was
definitely beyond the angle for maximum lift. When

-1

-.4 Iiiiiiiiiiiil“-8 0 8 /6 24 .32 40 30 0 10 20
Angle of afiack, degrees, d

30 40 5~
Angle of ailerons to mvin wit-q, degrees, 64

FIOUEEZ8,-Llf~d~, andmntiofp~ ofClark Y wing with external afteroro in posit[on W. The auwdlnabmof all PJlntaon the mrrvMfor 6A-W
mt markixl (X) are interpolate from data obtahxl at 3AUW and W.

\
ailerons,the highest angles being reached when the
cambered ailerons were used. This delay in the angle
for initial instability was due to the later stalling angle
of t,hewing with external ailerons, but it is important
to note (see fig. 20) that autorotation occurred 6°
before the stall for both aileron profiles t@.ed.

The autorotational moments at a rate of rotation
such that p’b/2V =0.0s occurred at approximately the
same initial angle of attack as that at which autorota-
tion wa9 seti-stmting. With 20° yaw the initial angle
was about 3° lower with either the cambered or sym-
metrical airfoil in position 1 but about 6° lower with
the plain wing alone.

the aileronswere mounted in position 35 and the wing
was rolled, the angle for initial autorotational tend-
ency at 0° yaw was only slightly lower but, at 20°
yaw, autorotation occurred over the entire normal-
flight range, as compared to beginning at about a=lOO
for the plain wing. The significance of this condition
in relation to the lateral-stability characteristics of a
complete airplane is largely dependent upon the h
and rudder design, dihedral, and other aerodynamic
featureg of the airplane. In general, however, the
increase in range over which the wing autorotates
corresponds to the condition produced by an increase
in dihedral, a change that increases the spiral stability
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of an airplane but makes it more difEcult to maintain
n yawed attitude such as might be employed in a cross-
wind landing. Judging from as yet unpublkhed data
on rolling momenti due to yaw with various degrees
of dihedral, the particular flap arrangement here dis-
cussed corresponds, over the normal-flight range, to
about 4° of dihedral.

Maximum rolling moments due to rolling (OX) en-
countered at a rate of rotdon such that p’b/2V=0.05
are shown at the bottom of table XXVII. The wing
tithout ailerons showed distinctly smaller momenti
than the wing with ordinary ailerons at 0° yaw but

c-
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$
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-.
-8 0 8 16 24 32 40

Angle of attack, deqees, d

FIOUEEn.—rtoulng momentdue te IO- @f!aV-CLW. Clark Y wing with
noaaemm.

about the same momenta at 20° yaw. Maximum
values of Ckfor all the positions of the ailerons tested
were about equal to the wing tithout ailerons at zero
yaw. At 20° yaw, however, the wing with the ailerons
in position 1 showed a considerable reduction m unsta-
ble moments. At positions 26 and 35 smaller differ-
ences occurred, but the distinction is not sufkient to
draw any conclusions therefrom.

The values of OXare plotted against angle of attack
in figure 27 for the plain wing without ailerons and in
figures 2S and 29 for the wing with external ailerons in
position 35. Similar curves for position 26 vary only
slightiy from those for the wing without ailerons.

SIZEOF AILERONS

Tests conducted on a Clark Y wing having Handley
Page tip slots of various spans (reference f)) showed that
decreasing the slot to even slightly less than full span
cut down the increase in lift due to the slot very mate-
rially. It was to be expected that the effect upon
Ck of external ailerons would vary with span in the
same manner. Thus, where either an increase or a de-
m~e h CL=-was obtained by use of full-span ailerons,
use of less than full-span ailerons would cause only Q
smti portion of this change. Variation of CD.{. and
L/D at CL=O.70 with aileron span is likely to be ap-
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proximately proportional to the span of the aileron.
The rolling and yawing momenti obtainable with full-
span ailerons would be reduced by using ailerons that
extended over only the outer portion of the wing, but
the reduction would be much less abrupt than the
change ill CL_ for the same difhrences in aileron
span length; far example, use of only the outer half
of each semispan would give a value for the moments
about three-quarters of that obtainable by using the
entire semispan.

The effect of changing the chord of external ailerons
is more diilicult to estimate, but it is expected that
variations within reasonable limits associated with
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changes in the axis location to maintain approximately

the same geometrical relationbetween the wing and

aileronwhen deflectedwould have only a small influ-

ence on the rollingand yawing moments obtainable

and on the perfommmce clIaracteristicsof the wing.

I?rom the preceding discussionitis apparent that, if

it is necessary to use 1ss43than full-spanailerons,the

greatestover-allefficiencymay be obtained by placing

the aileronsin a position giving good control and poor

performrmce rather than one giving piimarily good

perfomnrmce.

-@ o 8 16 24 .32 “ 40
Angle of uffack, degrees, d

FIOUEE29.-EOUIIIEmomontduetomJIInK.@bPV-O.O& Clark Y wing wItb
~UIfIkbd (U@ dkTOIISh Pc&bn ~ 3.4-4@.

CONCLUSIONS

The following conclusions apply specifically to
externrd ailerons having a symmetrical profile, a chord
15 percent of the main wing chord, and a span equal
to the main wing span. Position of the ailerons is
speciiied, in all cases, relative to a point 20 percent of
the aileron chord horn its leading edge. The coordi-
nates of this point relative to the leading edge of the
chord of the main wing are given in percent of the
main wing chord.

1. Purely from the consideration of the rolling
moment obtainable at all anglw of attack, the most

favorable location for external ailerons was found to
be 30 percent back of the leading edge and about 3
percent above the upper surface. Use of external
ailerons in this position had an adverse effect on tbo
general performance chaxacteristiw of the mti wing.

2. External ailerons mounted 16 percent above the
chord line at the leading edge of the main wing and
using uponly deflection gave lo-iv but usable rolling
moments at all anglas of attack, large favorable yawing
moments, and performance characteristics equal to
those of the plain wing in all respects except climb.

3. Use of external ailerons mounted in the optimum
position for a &cd auxiliary airfoil (27 percent ahead
of the leading edge and 13 percent above the chord)
did not give satisfactory control under any conditions.

4. The best position for a full-span combined flap
and aileron was 2.5 percent below and 2.5 percent
behind the trailing edge of the main wing. Rolling
and yawing momenti obtainable by deflection of the
ailerons fkom either the low-drag or the high-lift
neutral settings were not greatly d-ifhrent from those
given by ordinary ailerons. The control linkage is
likely to be complicated if full advantage is to be taken
of the available rolling tioments in both flap settings.

5. At any position where the principal action of the
aileron is to spoil the flow over the upper surface of
the main wing, up-only deflection is preferable to down-
only because of the lag with the latter.

6. Extermd ailerons did not give entirely satisfac-
tory control and wing performmce in any position
tested.

Flight tests have shown that it is very difiicult to
design a practical control linkage which will move an
aileron through a large angular deflection in one
direction only (such as is necwary to obtain the
mtium valuw of C{ in many external aileron
positions), with a smoothly graduated and reasonably
light control force over the entire range of aileron
deflections.

LANGLDY MEIJORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY Co ~13 FOR AEEONADTICS,

LANGLEY ~I)LD, VA., J@/ ~~, 19~J.
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TABLE VII
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-) Rota ;n cL-- -. m6 –.m –.m4 -.m -—.-..–.ml .002
(mt8rd@-

.m ------ .010 .m .040 .M9 .046 .044 .mo .044

Wfsa).
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TABLE X

Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1.5-INCH CHORD,
L C. A. 0012 AILERON, POSITION 3

R.N.41XI,CIIIVehxity+a) m. p. h. YaTv.IP

-1u.-.. . . . . . . . . . . . . . . . . . . . . . . . . . . –6” -4” –3” w && lW m W w 31” ZF w w

CL . . . ..-. -.-...
a&._. _.__ ....
c.,,:. ..____ ...

c’r’... ..-... ---
c.’_. __._. _..
cf.. -.--. .__..
c“’--.._..__.

c??i.____::.::-.,
— . . ....

~{i--------------”. —.- ...........

EIQHT AILERON UP. LEPT AILERON –IV

w --------..........--------

1 I

::~ –––.-.-
W ........-------------._.-.-

&o19 -------______

--t

0.04A.-.–—– --------alm a019

m .-.—----.-..–.-.-.-.—----
-----.- .m ______.–.–.--.

.016.—------
–:g ------- .-.–— –:&7 –.o13

w -------.-––----i-------
.04!3.------______

.Ole----------.M ---------.–.––--
.---—.-.—.—

.Ols.—–.-.-–..–– .034 –:E

EIGHT AILERON DOIVN. LEFT AHJEBON –1~

m _.-._..---------......... aw7 –.-.–.-.
m –.-.-— ---------–.-.-.–.

am –...-----.—-.-.-
.m ––.-.—

0.0$4---------------- a047

3P --------.........-------
.014..........------- .Ola--------—------- .lxl!l

.010--------
32$...................---------

.0s -–.------.-_.-.- .m -––.–.---------- .070
.Ola------- .Ols––-------------- .012.-.—–– –--.-..– .W

aw23
.m
.Cul
.m

TABLE XC

FORCE TESTS. 10- BY 60-INCH CLARK Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1.5-INCH CHORD,
N. A. C. A. 0012 AILERON, POSITION 6 .

R N.-OW,O3I Velwlty=SO m. p. h. Ymv.=W

a----------------------------- I–lW –& –4” –3” m 6“ KP 16° 1P w W m !@ ’250 m ~

6A AILERONS NEUTRAL

cL.- . . . ..-. -.--– w -a 279
ad.-; ----------- $

a WI aom (1~ ~g :g a 913
.0174 . 017C

L 162 L348

1

:% l.. :~ l.. :% cL&o aw

C.,l, . . . . . . . . . . . . . . . . -: z -. m –. ml -.057 –. 0.54 –. M3 –: E –: E –:%? -. (W5 –. 07u –. m –. m –. IY4’5 –.U3 –:%

RIGHT AILERON DOWN. LEB’I? AJLERON W

et_ . . . . . . . .._-_.. : {–! g

1

am —–.- –.-.–. am -------- acm am ------- am –.-.–. acm ao24 am aw3 –a mz
c.’.. ._ . . _______ . ml
if ____________

.Im .––.- –.-.-.. .mz -.------ .m
15” .ml .ml –.–.- .-.-.---

.W4 --..-.–
.W3 ------- .024

.m .-.––- .W .m4 .C05 –. m
.am ..-.-.–

. ml

c.’. ____. .._._-. .W3 –.–– --------
.047 -––— .049 .a54 .049 .m –. m

cf-.- . . . . . ------- % –: E
.W7 -.–.-.. . Ola .013 ..-._ .-

.m .-.–.. -------
. on -––.–

.016 –.-.-.. .m .W3 ..-.–..
.010 .m .m .m .m

0.’. -..- . . . . ..–.-..-. w .013 . on .––.. --------
-074 -–-–– .076

.013 –.-.-.. .016 .016 ..–.-..
. a31 .076 ;= .W4

of ------------------- 45+ –. ma .a?a .––– -------
.014 -–-––

.W –.-–.. .W
.011 .m .K14

.a34 ..––..
.UO

c*’_. _ . . . .._.__ .- 460 .021 .625 -––– -------
.QJz --..–– :~ .W

.Ozl –––.. .m
.WJ

.016 -.–.-.. .016 ----- ,011 % .Ixo –: E

RIGHT AILERON UP. LEBT AILEEON W

0{------------------- P &WI
c.’-–._ . . . . ______

am ------- ..–.-.. aom -.--–– -a m3 -a 024 -------. am4 _____ a 010 aaa a 014 a On am

c{------------------- 1$
–. m .m –.--– .-.-.–. .am ------– –: ~ –. m ------- –. m ..-.__ –. m –. m –. ml -. m –. ml

u.t . . .._.. _______
.W –.-.. - –.-..-. .036 --––-- .Ul? .-..--– –. WI —.-.–. .W3

-: E
cJf____________

.Om ------- .-.-.–.
z -------- .-.----- ------ --------

.CBm.–.–-- –. W4 –. an -------- –. 033 ------- -.010 –: E

.O-m -------
-: %! –:% –: E

c.’------------------ W’ –.-..-. .–.----- ------ --------
.aK4 -------- -------- ----–– .-.–.-. .W

.019 ..––.-
.m ------ .043

.017 ------- -------- ..–_-- –.––. .010 .W ------ –. m -: E
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TABLE ~

FORCE TESTS. 10- BY 60-INCH CLARK Y WING WITH FULL-SPAN EXTERNAL AILERONS,
N. A. C. A. 0012 AILERON, POSITION 6

I
a.. ..-.. —.-.—.-. --. —-----. —.----—.——-.—.

I
aa

CL--------------------------------------
CD-------------------------------------- $@cf --------------------------------------~c.’------------------------

I

c{--. _.-. _.__. --------------- $
C*, .--_. -.-. —------

R N.=r3Bg13 Vdcdty-SO m. p. h. Yaw--m

, 1 d t t

1.5-INCH CHORD,

–IIP –e 0’= w w I w w w 26” w I 4P

A7LERONS NEUTRAL

-a 374 4.&o LIE am L040 l.. l.. L2Z0 L070 :Q@.J ~~
.Ca3 .114
.ml –:~ -.m

.m
–:E

.ml
–.o13

–.m
-.026 –:g –.a39 -.ma -.076

.ml .ml .m
-.Om

.011 .016 .023 .mo .043

RIGHT AILERON DOWN-LEFT AILERON 0°

-ag -a~ -am aozl am ~g :g

I

0.041 a 040 aum
.023

-0.042
.mo .mo .030 .am .CGo .m

ROTATION TESTS. 10-BY 130-INCH CLARH Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1.5-INCH CHORD,
N. A. C. A. 0012 AILERON, POSITION 6

IL N.-@WXI VefmltY-EII m. P.fI.CAk givenfwfomximtatton at p’bIZV-O.&S (+) Afdlll!4rotathn (-) Damping rotation

e..—.——.-.--.——---.—---—— w P W 11” 14” W lW Z@ w w w 3P 36” 404

YAW-W—AILERONS NEUTRAL

(+) Rotin (~

1

)---–---– G---- -Q. ~ +~ -a @J ------- ~ ON -a 010 ~~ ~g o-m am

(-) Ro@Hon (OxmkdOcWiwL—

a 014 a 010 am9 am

cL_- –. Ols –. Ols –. 017 -—– –.014 -.m :~ :g .m .011 .020 .020 .016 .m

YAJV–-ZJ-~RONS NEUTRAL

(+)ROtatfon (chxkwke ‘1)---------- CL----a026 -0.029 -a an –a 032 -arm -–-–– –a CM --------- -a-w -’-g -0.037 -am -a ofa
(–) ROwf~ (~~~~)— cA---- -- o~ –. m –-ml .ml .m ..-.–.. .019 -------- . a47 .077 .m .m3 .076

TABLE XIV

-a 0s4
.mo

FORCE TESTS. 10- BY 60-INCH CLARK Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1.S-INCH CHORD,
N. A. C. A. 0012 AILERON, POSITION 12

FLN.-LI?J,WJVelodty-SOm.p. h. Yaw-r

U.. _._. -.. -—. -.. -.--. —.-----—— –’5” 4“ –3” w &v W If? 1P Is+ l!a”wm Z&w 40”

8A AHJERONS-NEUTRAL
1

cL -------------------------- l!? 0.013 llg 0.100
cD------------------------

az% am :~ l.~ :;% L l?l LIU4 l.~ 0.711 cl% ~ ~~ a 7(U

; –: $% –. fm –:@ –: 1% –: E
. ml .104 .311

-: Ecd:_— ------------------- -. m –. m3 –. m -. w –. ms -. m5 -.117 -.123 -.148

RIGHT AILERON UP–LE~ AILERON P

Cf:r-::::::::::::::::::::::a’

/ ‘

w ----------------.--.–aml --—.-. am ------- -------- ------- -------- -am -a ml ..-.-... a w aw
w --— . ...–.–-- --.-..– .am .-.--.–

c{--------------------------- lV –—-------- -.-.-
.am -------- ------- .-.--.-- ------- -. m -: g ;: . . . . . . ,m -. mt

.m7 .__-–
c’—-.---––.----. --.-–.—

.on -------- ------- -------- -------- .023 .m3 -. ml
w ------ —----- .-.---- .Cm ______ .ml –.- .. . . ------- -------- ------- -. ml -: g

.. .. . .

if_. _-.–..-- . . . . ..-.--—
.ml .ml

w .–—------------- .M4 ._–– .w!.l.-.-......-----–.-.-..-------.072
........

c.’---------------------------40’=.–.- ---------------.on -—––
.ml .m

.ma -----------------------....–-.
........

c{----------------------------
.ml –:@ ......- -.m -.ml

m ---------...-–------ .mo ---—. .m5 –.-.-..--.-.–---------------.101

I ~

....... -.ml -.ml

c.’-------------------------w ---------------–--.–. .021–.-.-...019-------.-...–.--------.-....-. $%.010 .m ....... .W .WI
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TABLE XV

FORCE TESTS. 10- BY 60-INCH CLARK Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1.5-INCH CHORD,
N. A. C. A. 0012 ~ERON, POSITION 26

R. N.-M4,MI VelmIty-60 m. p. L Yaw-w

::::;:::::::::::::::: 1;$ -aw 4024 ~o& an: :&l a7& 0.961 l.!# MIJ LOW I.g :MJ flg \g am 0.70!

cm,,, .—.- . . . . . . . . . . . . lm –: E –: E –. m7 –, MS –. m –. 078 –: E –. m –. 076 –: 1% –. mu –. ftm –. 114 –. m –:!% –:%!

RIGHT AILERON UP-LEFT AILERON W

cl’.. .. .. .. .. .. ... ... ..
CL’. . . . . . . . . . . . . . . . . . . .
Cat-. .-.. -... -----
cm’..... ..- ... ... .-----
g:c.:.:.:-:-:.::::::::

--

Z:’ti::::::::::..............
cl’_.: ....__.._
cm’.... .. .. .------

P
6“
P

–2$
–m

-’r
–w
–w

.m4

.04

.013

.W

.021

.Wa

.023

fl&ll 0.011 -------- . ------- 0.010 -------- 0.010 -------- am O.mi –o. ml am ~g \g O.m am
.m -------- --------

.017
.m -------- –. m -------- –. ml –. ml –. ml –. ml .acl .ml

.016 -------- -------- .016 -------- .016 -------- .012

.Om -------- --------
.ml .m .fm .m

.aa -------- –. ma -------- –. m –: W! –:% –: E .Om .m .ml
.042 -..- . . . . . . ..-.-. .042 -------- .Oio . . . . . . . . .(E3
.Om . . . . . . . . .-------

.m –: E .m
.M5 -------- –. ml . . . . . ..- –. ml –: ~ –: ~ –: ~ –: ~ .fm

. ml . . . . . . . . . . . . . . . . .M2 --------

.016 . . . . . . . . . . . . . . . .
.m2 -------- .m9 .ml –: E –: M

. on . . . . . . . .
.WJ -------- -- . . . . . .

.M.2 -------- –. m –: ~ –: ~ –: g –. m
.070 -------- .0i7 -------- m

.622 -------- --------
.M5 –; ~ –; ~ –: M

.017 -.------ .OM -------- .mz . ml .m .M3 .0)1 .m

LEFT AILERON DOWN-RIGHT AILERON W

c{_.. .. .. .. .. ... .. ..
c“l... ... .. .. .._.. ___

‘ ~H ’014--------‘m-:-----m‘------- mmm‘E
1P 0.Ola am .------- -------- am -------- am -------- am O.m’ am4 am a~ ;% ~g QWI

cl’-. ..-.. .-- . . ..-.
ml . . . . . . . . . . . . . . . . –. WI -------- –.M2 -------- –: g –: mJ –: ~ –. ml

c“’-. .-.--. .._._. !W .m -------- ------- –. ma -------- –ma -------- –. m –. ma –. ml –: E .ml .m .m .m

TABLE XVI

FORCE TESTS, 1O-BY6O-INCH CLARK YWINGWITH FULL-SPAN EXTERNAL AILERONS. 1.5-INCH CHORD.
N. A. C. A. 0012 AILERON, POSITION 26

,

R.N.=6M,MI Velocity-@)m.p.h. Yaw-m

u.-. -.-. .-. .-. .. —--— . . .

ad

%----------- ;$
g-----------

. . . . . . . . . . . . . . . . . . lm
c.’.. --.- . . . . . . . . MY

c{_.. _...._._ . -m
c“’-.--..- .. .. . -w

–lo”
I

–P
I

@
I

w
I

W
I

14”
I

1P
I

w
I

far
I

2P
I

25”
I

8W
I

‘w

AILERONS NEUTRAL

U_& 4. g3J am as’s am am flg am6 :f~ a:; am am 0.70!
.105 .147

–.m –:E –:E –:!% –.621
.461

–:%!
:E .ml .032 .M4 .m3 .M3

–. 031 –. ml –. m9 –. m –. ml
.011 . Ols

–:%
.016 .021 .ma .044 .040

RIGHT AILERON UP-LEFI’ AILERON KP
I

am9 aM1 am

I

am .. .. . . . . . . a0i9 ama

I

a ou –a m7 -a w
.025 .0i3 .Ols

–a 033 –o.070
.010 .. .. . . . ..- .010 .Olz .013 .016 .011 .M3

–: g
.OW

TABLE XVII

ROTATION TESTS. 10-BY 60-INCH CLARK Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1.5-INCH CHORD,
N. A. C. A. 0012 AILERON, POSITION 26

R. N. =6W,MI Velwky-~ rm p. h. Cl h @van for forced rotation at P’t@V-O.W (-l-)~tig rotation.(–) DamPlng rotation

l––............................... 0“
I

6“ w
I

14” 1P 1P w W * 2P 24” Z& w w
I

‘w

I

I YAW-P—AILERONS NEUTRAL
I

[~] W% [dm%kK-
cL.- -a G% –a w -a m -a on –a w –a m a 217 a 016 a 014 a 010 -a 031 -a ml –a 032 arm –a 0s3

a)---------------------- cA---- –. 017 –. 017 –. 014 –. m .p .m’i .M9 .627 .M4 .013 .ms .ma .m .m2 .ml

YAW-–W—AILERONS NRUTRAL

M W%t2%W%i:-
cL- -a m -a oao-a cm -a m --------....-.-. –a ow -.-..... -a on -a 076 -a on -a 074-a w -a 6s4 –a om

w)----------------------cA----–.m –.ma .W .018. . . . ---- ..-...-. .Ma -----7-- ma .078 .077 .074 .W9 .056 .046
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TABLE XVIJI

FORCE TESTS. 10- BY 60-IIJCH CLARK Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1.45-INCH CHORD,
N. A. C. A. 22 (INVERTED) AILERON, POSITION 26

R N.-@N,~ Vel@dtY=20III.p.h. Yaw-w

+-”1-’’-’0”11’”1’4~ ::~:J:~wJ2’”’m’””m’””’w14”

CL-------------------
cD---------------
C.,,,’ -----------------

Ct--------------------
c.’- . . . ..- . . ..-. -..-..

2:’::-:::::::::1 ------
------

if-: -_... . . . . .
c’--------------------
cl’--------------------
C’--------------------
Cf---------------
a’--------------------

g,::::::::.:::::::::::
C1’--.-----:---.-.-----
G’--------------------

lW -a m CL(I35 : ;:6 a :1 am L036 LM5 l-g LO.+’ LW l.= LIZ := :$ ; :;: :%
KF .0172 .0169
lW –------ m –.-..-. –. ml –: E –: :$ –:% -------- –: E --:!?:- –. 062 -------- –. M@ –. lM -.124 –. 142

h
–MY ---------------------- a 022
–lW ..-.–.- -------------- .m
–w ----------------------- .m
–m ----------------------- ;~
–w ---.. –..... –.. . . . . . . . .
–w ----------------------- .011
-’W ---------------------- .O.Yl
-’w ------------------------ .014
–em ----------------------j5J
–w --––..........--------

RIGHT AILERON UP-LEFT AILERON VY

cl021.-.-....---------.--------------..--.... 0.011..------................ :% am
.ml ........---------------.-.-.......-..-.–.ml --------........-------- .ml
.Co4------------------------.---------------.016...........-.-..--------~g .m
.@lz--------–.-.-..------------------------–.ml .-..-...---------------- .wl
.04a........-----------------------...-.-...018--------............--...axl .m
.034---------..-.----------.-.-–.......... –.ml --------................ #m .rm
.a5s.-------------–----------------.-------.024--------................ -.ml .ml
.am ----------------–.-....-..-------------m ...........-----........ .m .m
.W --------..--–..------------------------.027.---------------........ .m #m
.010..-.-......-.-..------------------...... .m ---------.-............. -.031 .m

LEFTAIZERON DOJVN-RIQHT AILERONl&i

m .------- -------- ------- am3 am -------- ------– -------- -------- -------- 0.CU4-------- -------- .. . . . . . . -: ~ O.m
w 2------- ------– . . . . . . . . –. ma –. W2 -------- -------- –.-.-.. .- .. ..-. -------- –. m .. .. . . . . . . . . . . . . -------- .mo
‘m -------- ..––.. -------- .Cm –. ml –.-.-....-.–.-.-.--.------------------.Im .........-------........ –:p& .Cm
w --..-.– ------ ------- –. 004 –. m -------- ------- -------- -------- ------- –. m’ -------- -------- .. .. .... .Om

TAHLE XIX

FORCE TESTS. 1O-BY6O-INCH CLARK YWTNG WITH FULIA’3PAN EXTERNAL AILERONS, 1.5-INCH CHORD,
N. A. C.A. 0012 AILERON, POSITION 35

R. N.=609,1Dl Vd@ZMY=&.lIILP.l L Y8w=@

a---.. --------- —--. -.---- ..- —-. –1P –5° –P –1” OQ 8.4” W 14” 16= I& w w ‘b” a~

aA AILERONS NEUTRAL

–P --Q= : ::; U 010 &@?@ au ~g 0.815 LOM L W~D::::::_-::::::::
–v .Olao

1.10J L a56 a72a il?aJ :711J
.0146 . Olm . lla . WI .184

cm*,,’.-- . . ..__. _.. –e .m -W@ .017 .018 .018 –. ml –: E –. 0a7 –. M –. 076 –: E –: 2 -.142 -.170

RIGHT AILERON UP. LEFT AILERON –6°

cl’--------------------- –l@ am
a’----. --.----.. -...-– –lW .032

am --------- --------- aoas --------- a oll a 011 am a 014 a 012
.all --------- -------- .WI --------- mom –: ~

a cm am :.

–w
–: ~ –. ml –. ml

MJ Mif,:::::::::::::::::::::
–m

–. m -------- --------- –. W2 -------- .W5
%

.014 .au .014
.W .. —.-.. --..----- .W6 -------- .W .m .(02 .m

c?--------------------- -’W .011
-. au

c’--------------------- -4@
–. m . . . . . . ..- --------- m .. . . . . . . . .017 .Ofi .014 .m

.010
:%i -: E -. ml

.010 ---–-.-- --------- .011 --..-..-- .aca .m .m .ms .m :@ .Wn .m

LEFT AILERON DOWN. RIGHT AILERON –P

cl’--------------------- w aw7 am7 -------- –.–-..- am --------- a 014 a 016
c’-------------------- w’ .m’

a OH _: g aw4 6.534 :. _\ g
. ml --------- -------- .ml . . . . . . . . . –. m -. m –. m –: g ;g

cl’--------------------- lW :%
c.’- . . . . . ..-.. -...-.

.033 . . . . . . ..- --------- .Cm --------- .041 .016 .010
–:%

.019
.ml --------- --------- –. all --------- –. Cm7 –:%

cf --------------------- :$
–: ~ –. W7 -. Mu -: g -.010

.071 --------- --------- .W --------- .W .074 .041
%

.ola
c.’-. -.- . . . . . ..-. -....-. SW –. CU4 ------- -------- –. w --------- –. 021 –. 622 –: g –. Om –: E -.012 –. 013 2: ~;:
cl’--------------------- w
c.’--------------------- w

.m -------- ---------
:E

.Oas --.------ .m
–. an -------- --------- –. 016 -------- –. m , -,E -.~ .-:% -,gi _,g --::it -,~,
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TABLE XX

FORCE TESTS. ,10- BY 60-INCH CLARK Y WING WITH FUILSPAN EXTERNAL AILERONS, 1.5-INCH CHORD
N. A. C. A. 0012 AILERON, POSITION 36

R.N.. IK@,IXL7Vehmity=30 m. p. h. Yaw=O”

R- . . . . . ..--. -- . . . ..-.. -..-. - . . . . . . . . -------------- w & KP 11” W 13” 14” lr w 3W w

6A AILERONS NEUTRAL

LOSS L 431 1.7b3
c’:::::::::::::::::::::::::::::::::::::::

L 810 L713 L053 1.565 LW2 LW2 0.884
on % . 1Q6 .ns “--!.?..

–: E
.313

cm,,: . . . ..- . . . ------------------- m
. 32a

–. 3s3 –. 367 ---------- –. 35s –. 340 –: E –: E –:%! –: E –: E7

RIGHT AJLERON DEFLEOTED. LEFT AILERON 46°

c!--------------------------------------- w a 010 6.(O3
~; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304

6.B3 . . . . . . . . . .
–. m

am ---------- 0.M4
–. W5

-Q m -o. m
–. B9 . . . . . . . . . . –. m ---------- –. m

-o. ml ~~

Iv
–. m –. au –. w

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
c.’-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. W . . . . . . . . . .
–: z

.061 ----------
-: U –. m ---------- –. 621 . . . . . . . ..- –: E

.016 –. au .ml

cl’ –W . 1(HI
–. 020 –. 013 –: ~ –: :[:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cu

.162 . . . . . . . ..- . Km ---------
---. — . . . --------- ------------------ –l&’ –. 015 –. 023 –. m . . . . . . . . . . –. a32 ---------- –:% –: E –: E –. 019 –. W3

cl’. __.. _..-. -... -. . . ..--- . . . . . . –w . la3 .162 ---------- .101 . . . . . . . . . .
Cw-------------------------------------- ~~ –: g –. 016 –. m ---------- –: E

.013 .016

cl’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
–. 623 . . . . . . . . . .

. Im
–: E –: E –. 014 –. m

. la9 ---------- .116 . . . . . . . ..-
C“’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . –w –. ml –. 010

.010
–: E

.011
–. 017 ---------- –. m ---------- –: E –. Olz –:% –. 014

LEFT AILERON DOITN. RIGHT AILERON4&

cf .. . . ..-. -. . . ..-- . . . . . . . ..--...-. M O.m
c.’- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . @

am -am ---------- -o. m ---------- a ml
–. m –. ml

a ml o.m

I

a ml o.ml
–.WI ... . . . . . . . –. ml ---------- –. m –. W2 –. W3 –. ml –. 002

TABLE XXI

FORCE TESTS. 10- BY 60-INCH CLARK Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1.5-INCH CHORD,
N. A. C. A. 0012 AILERON, POSITION 35

R.N.-~,~ ValwIty=&lm.p. h. Yaw-–XP

I
a..... . . . . . . . . . . . . . . .

I ‘A
CL-...-.
cD-------
CI’. . . . . . .
c.’ . . . . . . .
CL- . . . . . .
CD------
et----
C.’. . . . . . .

cr’----
o.’.. ___

–6”
-P
-6°
-5”
46°
46”
4s”
46”

m
46”

-lr –P w 6° lW w 14” I& W w 2P W’ w w

AIIJERONS NEUTRAL

–a g -o. MS
.027

.010 .ml

.ml .W1
. . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . .

0.1Q2
.Ols

–. m
.W2
.962
.114

–. 0a3
.m

--------- am . . . . . . . . . . aw L011 L047
--------- .m .......... .Im .lb!l
.. . . . . . . . –. W3 ---------- –. 016 –; g –. 049
.. . . . . . . . .0.6 ----------

1.m L~ L649 iE
.014

L M@ ..--. ---.,
.173 .247 .331 ----------

–. m –. m –: E –: E –. 074 ----------
.037 .011 .016 .021 .627 ----------

L072
–; g
L~
.E30

–. la
.037

0.s43 asal
.aw

–. m –; ~
.ms

---------- ----------
---------- ----------
---.---.-- ----—--.-
.--------- --------.-

a S13 -----.–
.457 -------

–.a34 -------
.646 --------
L070 0.934

–:z –:x
.a5S .046

RIGHT AILERON UP lN. LEFT AIZERON @ I

--------- .......... 0.076 0.07s CL073 11070 0.C59
–.011 –. 016 –. 026

am . . . . . . . . . . –o. m . . . . . . . . . . . . . . . . . ..- -Clw
–. m –. 019

–o. m
. . . . . . . . . . . . . . . . ..- –. Ola . . . . . . . . . . –. 010 . . . . . . . . . . ---------- .018 .010



I

ROTATION

TABLE XXII

TESTS. 10- BY 60-INCH CLARK Y WING WITH FULL-SPAN EXTERNAL
POSITION 36

AILERONS, 1.6-INCH CHORD, N. A. C, A, 0012 AILERON,

R,N,=OW,@llVolodtg=80m,p, h. CA Is glvonfor formalmtat[on at p’b/ZV=O.06(+)Aldlng rotation. (-) Damping rotation

I................................................. -10” -P -.5” w 6“ Iw 12+ 13° ~,o 16” 18+ w w 14” 20” 23+ w 3P W 404

I YA}V-&. AILERONS NEUTRAL, 8A--60

1[(+. Rotnt[on olwkwlm) .. . . . . . . . . . . . CA..-... . . . . . . . . . . . . . . . . . . . . . . . . -am -0.027 -am .. . . . . . . . . . . . . . . -O, W -~ ~ -0.016
(- Rotation wunlomlwkwlm) . . . . CA..-... . . . . . . . . . . . . . . . . . . . . . . . . -.015 –.017 -,017 . . . . . . . . . . . . . . . . -.011 ,022

YAW--W. AILERONS NEUTRAL, 8A--8”

~ml0.010 0.010 -am -am -am -cl~ :.:: . . . . -o:~ -0. mu
. . . . . ,Wl

t] EWEt=k’%%dnvlm)...-.a------ ------------------------ -.011 -.010 -m .m :::::::: -?E ::::::::............. CA..-... . ... .. .. -------- -------- -a 026 -o. cm -a m4 -a an -a g -a ~ -; O&f -;a& -0:&e .. . . . . . . -a Cm.5........-aob7 -0.M4
........ .Ce.9........ ,053 .046

I
YAJVE~. AILERON8 NEUTRAL. 8A-46”

N i%%%t%%%k%ij:::::k:: ::::::::::::::::::::::::-.m -.022 -0019 -.W3
-o. o14-a 023-a m -0,019 0:g ~ :~ a yj a% llg .... . . . . 0.C04.. ... . . . a 012 \g \g -: g -0.004

.... . . . . .m .. ... . . . ,m7 .W4

I YAN’--’Z@,AILERONS NEUTRAL. 8A-48”

[~] !%lKR%L%hWOj:....l %::::1-,Ix13I. .... -0.012-o:~ -o:~ -0.018
.WK3

-0::;! -o.w ................-:% -0:g -~ yJ -: ~gl -: g .. . . . . . . -&a34
,018 .. . . . . . . . . . . . . . .

. . . . . . . . -awa . . . . . . . . -o. @31 -f%
. . . . . . . . .C@a .. . . . . . . .074 . . . . . . . . .W

I

1



AUXIJL4 RY AIRFOILS USED AS DXTERNAL AILERONS

TABLE XXHI

FORCETESTS. 10- BY 60-INCHCLARK Y WING WITH FULL-SPANEXTERNAL
N. A. C. A. 0012AILERON, POSITION37

a_ . . . . . . . . .._.. - . . . ..-.-..

CL- ...... .. .. .. ...
--- . .. ...- .. ..-. -.—z/4’-—.--------

Hi’--------------------
c.’ . . . . . . ..-.. -..- . . ..-
Cl’-- . . . . . . . . . . . . . . . . . .
c“’.. .. .. ... ... .. .. .
go,..:. -:-:...:..-:

. . . . . . . . ---
cl’----------- .. ... ..
c.’ . .. .._.. ._.._ .._

cf-_-.-_ .... .. ...-
C.’--------------------
cl’--------------------
Cn’. . . . . . . . . -----------
Cf--------------------
c“’.. .-.. -.--. . .. .. .. ..
If --------------------
C.’-. .-.. -.-. ... ... .. ..
If-. . . . . . . . . . . . . . . .
c’ . . . ..- . . . -----------

-p
-L?
-P

–lW
–Iv
–20”
-m
–w
–w
–w
-w

r

1$

%

%
m
4W
w

R. N.= ON,CCM3 Voloolty.M nL p. IL Yaw-m

AILERONS,

109

1.6-INCH CHORD,

ALLERON8 NEUTRAL

4-~g-:g-clcJr3 ~~e : & 0.443 a7& ano afw Lam LOM L lM LW2
.m

a n7
.032 .Om .110

~~ a ml
.149 . 1s4 .222 .325 .6U2

.0i2 .019 .023 .629 .CQl .026 .013 .019 –. 012 -. m –. @54 –. 070 –. m –. m –. 139 –. 103

RIGHT AILERON UP-LEFW AILERON –5°

-: g acm . . . . . . . . . . . . . . . . am . . . . . . . . .-.- . . . . a on -------- a 014 a oIo a 01s am a cm am aw7
.all --.-.--- -------- . all -------- . ..-.-..

:g –. m . . . . . . . . . . . . . . . . –. ml . . . . . . . . --------
.C03 . ..--... –. Cu2 –: ~ –: ~ –: ~ –: ~ –: g –: ~
.(O7 -.------ .m

.OM -------- -------- .W -------- . . ..--.. .W3 . ..-.-.. .m .m . ml .am
joJ –. m .-..-... . . . . . . . . .037 .-.- . . . . -.... -.. .031 -.------ .m

: g; –: g –. m4
.016 .011 .Ols .W2

,011 . . . . . . . . . . . . . . . . .011 –.- . . . . . . ..-.. -
.010 –. W2 -------- -----.--

.013 -.------ .m .m ;@ :g .m4

.014
.W -------- . . . . . ..- .m . . . . . . . . .021 .013

.014 . . . . . . . . . . . . . . . . .014 . . . . ---- --------
.Ixm –: E –: E

.011 --–---- .UM .037 .033 .OM .W .m

LEFT AILERON DOWN-RIGHT AILERON –6°

am7 I a cm 1----1----1 a m7 l----l_J_.J o.on l._..._l a 013I awe I o
.W2

.m o.m
. 0)1 -------- --------

.019
.Cml -------- . . . . . . . . –. 031 .--.-.-- –:g’ –. m –. W3 –. m

.m .------- -------- .m4 -------- -------- .040 .. . . . . . .
.m .KO .--.---- -------- –. 031 -------- -------- –. 037 . . . . . . . . –. ms –: E –:% –: E
.m .043 -------- -------- .Wo . . . . . . . . . . . . . . . . .M6 --------
. all

. ml
.W1 ----.--- -------- –. w . . . . . . . . -------- –. 014 --------–.017 –:R! –:l% –;WJ

KE ................ –.azl --------–.o24 –an –.o2I –.016
s 1--------1----.-1 .On 1.. ...-.1 .&94\ .047 I .024 I .Cml

a OR
–: g

–. 015

–: fi
.olE

–: 01:

am
–. m

–: E.Ou
–: :~

–. 014
.018

a aR
–: O&

–. w

–: E
.018

–. 017
.Om

.054 .On -------- -------- m l_-1--l .@ 1--1 .Oy I . ~ I .= I .

.m6 –. cm --L- -------- –. o--

.M2 .073 ------- -------- .03

.m –. w -------- -------- –. 013.... .. .. ... .. .. . –. 024 -------- –. 027 –. m –. cm –. 023 –.021 –. Oill –an
11111111111

TABLE XXIV

FORCETESTS. 10- BY 60-INCHCLARK Y WING WITH FULL-SPANEXTERNAL AILERONS,1..5-INCHCHORD,
N. A. C. A. 0012AILERON,POSITION37

R.N.-m,m Valodty=@lm.p.L Yaw=CP

~--.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . –W –P w b“ 10’ 1P lW 14”
I

16” I& w *2P w w

aA AJ1.ERONS NEUTRAL

w$j--::::-::::- . . . . . . . ..--... ~ 1.

+

Iaml \g cl% l.. l.. 11.g 11.~ IL675 LES6 l.. L2W L 120 L 07S
. . .

\g 0.350
. . . . . . . . . . . . . . . . . .265 .m .420 .46s .W5 .316

C-,14P. . . . . . . . . . . . . . . . . . . . . . . . . . w –. 217 –. 240 –. 259 –. 275 –. m –. 2%9 –. m –. 2s3 –. 232 –. .%7 –. 294 –. 241 –. 303 –. 314 –. 314

1 Me%smedvaltva All otharvaltm Inter@at&l hum data obtainad at 3A-W and dI-3W.

TABLE XXV

FORCE TESTS. 10- BY 60-INCH CLARK Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1A-INCH CHORD,
N. A. C. A. 0012 ~ERON, POSITION 37

R. N.-OX@3 Vel@Jty=@3 m. p. h. Yaw-–w

L.... .- . . ..-.. .--. . . . . . . . . . -l@ –P 0“ lW 14” 18” w w 2P w
I

m

6A AILERONS NEUTRAL I

TABLE XXVI

FORCE TESTS. 10- BY 60-INCH CLARK Y WING WITH FULL-SPAii EXTERNAL AILERONS, 1.E-INCH CHORD,
N. A. C. A. 0012 AILERON, POSITION 37

R N.-WI,CO3 Valooitydia m. p. h. Yaw-r

a-----------------------------

8A I

cL..- . . . . . ..- . . . . . . v
CD-- . . . . . . . . . . . . . . . . . v
c.’l,t.._.- . . . . . . . . . p

–P -4” –T –%’ (P P &r lW 130 14” 16° 1P lW w 2P 25” w @

AILERONS FLOATKNG-hXUTRAL

o+owO1m-“+omw I-ao76 aom

–. 021–. 0.27–. Ozl

am

–.oa –.036 –.(257

a136 a276~aex3

–. 0$s

:g

–. 031

l..

–. 079

: g; ‘:;:

-.678 –. 0?3

: ;;!

–. 074

: ;lJ

–. a57

1: ~

–.0!6 .030

:;# M& a6w
.221

–. Cm

cl% LLe.&

–. 042 –. 102

RIGHT AILERON UP. LEFT AILERON DOWN I

H
,...------...---—-----------

‘::’‘::’ H t.m --------------------- .. .. ... ------ .016 ------- ..-..-. .Oiu .024
.-. .—. . ------- ------- ------- -. 023 ------- ------- -.013 -------------- ------ . . . . . . . . . . . . . . -. (K@ ------. ------ –. am –. 011
,.. .—. - ------- ------- . . . . . . . .O?d -------------- ..-.-. . . . . . . . . . . . . . . .013 ------- ------- . ml .013
.. ----- . . . . . . . ------- ..--—. —. on ------- ------- -.019 -..... - ------ ------ . . . . . . . . . . . . . . –. m ------- ------- .m . ml

1 Total dolktlon Mwean allerms.



TABLE XXVII

CRITERIONS SHOWING THE RELATIVE MERITS OF VARIOUS LOCATIONS FOR I?ULL-SPAN
INCH CLARK Y WING

Syrnmetrfmf oflarone:N. A.O.A.0)12proOM Lb-lnobohord

Oamborrd rdlomos:N, A, 0, A. 22profle, L4b4nahohord

EXTERNAL AILERONS RELATIVE TO A 10- BY 66-

PfatnWfng 1 3 0 12 m 96 37
. —

Ofm. 10fmr. s:n#d- 05cE@Kn#

oddo*
mnt e mnt a

-27 -t o from L. E,; 13 Jyrnlo L:~~~ L.~~lb $ ~. l“g!n~~~ ]02,5~nt c from L. E.; 25

Obaraolorktlo p3rrnnte from ohord -t e from ohord

:f~;
p~m:t c Wc9:t e fm&n:t c WI:

No alla. abord

4:y
rone ohord Ohord ahord obord

. —

cydan sylll&ot- Symini w$rrt. swnnt- sydot- sqlnJot- s~,ot. sYmmot- s9y&. t3yxget- Mm&t.
$&i

flxad floating Ilxed 13xod Qxad Ilxcd nxed ~ad m tied floatlng
. —

Atforon detlwtlou ... . . . . . . . . . ..- . Neutral mttlng 8A . . . . . . . . . . . . . . . . . .

— —

@ . . . . . . . . . .

Rolatlvo to mrdn wfng ohord._... . Mruirnuma”aron dofleotlon~fi::
: -3 ::::::::: : 4$ i ‘--x$- - =$ -$ -7Z -% -% -E -% -% -%

. . . . . . . . . .

StaUlng attitid~ . . . . . . . . . . . . . . . . . . Anglo of attook at CL-., . . . . . . . . . . . . 1P lW 27” 26” lb” w
wfng armor mfnbnnm 8pW.l_... . cl”” . . . . . . . . . . . . . . .

18”

1

19” 16”
L I&& 1, A: 1. lW 1,%

14”
1. m l.m L 180

. . . . . . . . . . . . . . . . . .

2s.%;:::::::::::::::::::: : !$i$$xrn:!! ““nOuM--- - F i? i? li? i? i? ii? ?;? fir #0 W..- .Jir ::!:.: . . . . IW

. . . . . . . . . . . . . . . . . . . .

Lateral mntrol (momentd tnkon RQ a-~

1 [

.2W .......... .om ,016 .0@3 ,049 ,Wl .mt .XJ3 .836
about wfnd axfe), R(Y. zMIW

.C@S .7$2 4.m .311

RrY a-m” ai.maxfmurnde fleotlo n. ,074 . . . . . . . . . . ,Wb .Om
.m . . . . . . . . . .

.018 .W4 . C07 . ml ,082 .134 .W3 .110 4,WI
. W8

,W5
,047 .C44 ,042 .048 .022 .Om .024 4.021

RIY a=W -:E -:% .026
.014

.CQa .......... .013 .a39 .C07 .023 .M7 .012 .041 1.m .m

IAt.emlamtrolwith.ddwllp(me Maxfronma atwhloh rdlaroILY wllf m . . . . . . . . . . P-2P 7..39. 19+’ 18+ 18+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
manta taken about wfnd OXIE). balance Ct due to 2JY yaw.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Maxfmum gawfng momenka due C-A) a-w

/

1 [

-, w . . . . . . . . . ..+.. . . ...;.. .
.019 ,019

to rdfemne momentataken abut
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .021 .016 Wml . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

–. ml . ...=. -- . . ..iiy. . . . ..6i6.. . . . .. G.. - –. 016 -.010 -. @If -. OJi -. m7
wind axle (+) favorable; (-) C.ht a-lw
unfavomb e.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

c. , ==W k notm for aA. . . . . . . . . :-+- --:::::::: :: ‘-~:~i&- ‘- ‘-i~~i~-- - ‘-i~~- ‘- “--:~i~ ‘----~~i~- ‘“ ‘--~~i~- ‘- -.m
-. al -. cm -.018 -.018 -.019

A –. 023 . . . . . ..- -. ..i.G. . ...7.=.. - –.@34 IL. ~
,o_. ~ ;;::= . . .:;=.. . ...:=. - .=:_i -. . . ...ii- . ~::=..

C“*I amw
. . . . . . . . . .

. . . . . . . . . . . . . . ..- . . . . . . . . . . . . . .004 11.~ L 001
–. 015 -.010 IL. 017

,(O3
. . . . . ..- ---------- .- . . . . . . . . . . -. cob 14-.~ :::::;:: :: -::ti-- - --::G ‘- ‘Z~~i-- - ‘-U~~i- - l-. (X@

Lateral stablllty (J.4=neutral)... . . a for hdtlal kutablllty fn rolllng-.... 19+ 1P !M” 1P ...... ... . .... .. .... 21” ...... .... 1s+ lr 14” .. . . . . . . . . . . . . . . . . . . . . . . . . . . .
aforfnftlallnstab flftyat p’b@V-WM :

Yaw= W.._ . . . . . . . . . . . . . . . . . . MJ 10” 21” KP . . . . . . . . . . . . . . . . . . . . 17 . . . . . . . . . . 10” 1P
Yaw-W . . . . . . . . . . . . . . . . . . . . .

13” . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
lfF 17” lr . . . . ..-. . . . . . . . . . . . . lr . . . . . . . . . . Iw 1P -P . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Mo~nm urstable CA at p’bfZV =
,:
Yaw= fP-------------------- . . . MS .m .m .034 ..-- . . . . . . . . . . . . . . . .
Yaw~2CP.-.-..- . . . . . . . . . . . -.. .W3 .Ua2 .0E4

.Om .- . . . ..- . . .029 S&
.M5 ..–--.. --------- . . .W . . . . . . . . . . .078

.mo . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. la . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. .

I

I

1 Computed from CLW.-O.O148. z 6A= b”.

1 Corn ntwl from CD.r.-O.Ol43.
h

4 Oafonlated from fnterpdated valnec 0[ CL obtafned from data at 8A=2W and 5A-W.
J ti N I EW the -U ~~ mom~t ~ tJEIOWmexlmum deE@fon, tbe deiledion of the aileronwhfab h moved thegreatestamountISfndlmted aefollow. J=@, ~.3@, r-~, 1-IF, ~-1~, 10.W, Il. -10”

t=-~, n--~, 14-4.
1


